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Further, to be fully useful as a monitoring method, eDNA techniques ideally should be able 83 to provide quantitative estimates of organism-abundance to allow inferences regarding population 84 size or status. For this, a direct relationship between amount of eDNA detected and organisms 85 abundance or biomass is paramount (Spear, Groves, Williams, & Waits, 2015) . This topic has 86 been less explored in the ocean, nonetheless studies suggests that the correlation is weak 87 
Underwater visual censuses (UVC) and seawater sampling for eDNA metabarcoding analysis 123
A scientific expedition was conducted from October 23 to November 15, 2016, onboard a 90-foot 124 vessel to perform UVC and to collect seawater samples for eDNA metabarcoding at 24 rocky 125 reefs across the GOC (Table 1 and Figure 1 ). Sampled sites included coastal regions, islands 126 and seamounts. At each site, six divers used SCUBA gear and extensive fish identification 127 expertise to identify and census conspicuous fishes (adults > 5 cm in total length) inside of 25 m-128 long transects, 4 m wide and 2 m high (i.e., 100 m 2 surveyed for each transect). Transects were 129 placed at different depths ranging from 10 to 25 m deep, parallel to the coastline or following the and 10 cm intervals for larger animals). From these data, individual size was converted to 134 individual biomass using the species-specific length-weight relationship (biomass = a*Length in 135 Teleo12S_682-F, and Teleo12S_792-F (see Table S1 in Supplementary material for details) were 154 designed with the Primer3 implementation in Geneious Prime® in order to amplify 530 -640 bp 155 regions of the 12S rRNA gene, surrounding the 65 bp region amplified with "teleo" primers Table S2 ). Strict experimental protocols were implemented in the laboratory to avoid cross-contamination at 176 all steps. eDNA extraction and library preparation took place in a separate hood with eDNA hood was used, ten minutes of UV light treatment was applied to sterilize the area. Negative 179 controls were included in all lab processing steps. 180 eDNA extractions were completed with the Qiagen Blood and Tissue Kit (Qiagen, USA). 181
For this, each filter was cut finely (approximately 1 mm 2 ) with the help of sterile stainless-steel 182 scissors and tweezers. Subsequently, the total STE buffer contained in each tube and the pieces of 183 the filter were divided into two 1.6 mL tubes to proceed with DNA extraction. Extraction steps 184 were carried out almost entirely following the supplier's instructions, until the step previous to 185 elution, in which the pieces of the filter were removed from the columns. Also 
OTUs taxonomic assignment 247
Taxonomic assignment of the OTUs was performed using three different approaches: 1) using 248 NCBI-GenBank; 2) using our Custom DB of 67 commercial species, and 3) combining both 249 (NCBI + Custom DB). To achieve this, a Basic Local Alignment Search Tool (Blast) 250 implemented in CLC Genomics Workbench v9 (Qiagen) was used with a word count value of 30, 251 expected score of 10 and e-value 1 e -20 . OTUs without hits in the Blast search were excluded 252 from taxonomic assignation. Conversely, in the resulting alignments, we used thresholds of the 253 percent identity of the hits to assign taxonomy as follows: 100-97% of identity were assigned to 254 species; < 97-94% to genus; < 94-91% to family; < 91-88% to order and < 88% to class 255 (Cawthorn et al., 2012). Finally, taxonomic collapsing of distinct OTUs assigned to the same 256 taxon was performed to obtain a final matrix containing the information of unique OTUs. 257
After these steps, secondary filtering was performed to avoid potential tag switching or 258 false positives. We excluded OTUs with a minimal frequency within each sample <0.00001 (i.e., 259 singletons in a locality) as supported by Bokulich and collaborators (2013) to improve diversity 260 estimates from amplicon sequencing (Figure 2) . To account for uneven sequencing depths, we 261 rarefied each sample to the lowest observed value (59,014) using rrarefy function (vegan). 262
Rarefaction curves were plotted using rarecurve function in the vegan package. 263 264
Community-level ecological analyses 265
Lists of species/OTUs, genus, families, orders, and class detected with UVC and eDNA 266 metabarcoding were generated. For community ecological analyses species/OTUs abundance 267 data was transformed into presence/absence data to explore similarities among sampling methods 268 in terms of community composition. 
Underwater visual censuses (UVC) species detection 289
UVC covered a total of 295 transects (mean = 12, SD = 4.5) in 24 sites from the GOC ( Table 1) . 290 A total of 43,647 individual teleost fishes were observed, representing 97 species, 66 genera, 32 291 families, and 8 orders (Complete lists in S6 Supplementary material).
293

Custom DB for the ichthyofauna of the Gulf of California 294
We obtained 112 12S rRNA gene sequences from 67 species and 32 families with a mean length 295 of 552 bp (SD = 65 bp) (NCBI-GenBank accessions in Supplementary material S2). Intra-296 specific variation was found in the species Kyphosus elegans (dmax 2.8%), Lutjanus peru 297
(1.4%), Mycteroperca rosacea (1.4%), Scomberomorus sierra (1.3%) and Thunnus albacares 298
(1.4%). Intra-generic variation ranged from 14.5 -0%, and intra-family variation ranged from 299 42.9 -0% (see Supplementary material S7 for details). The success and resolution of taxonomic assignments varied depending on the reference database 311 used (NCBI, Custom DB, NCBI + Custom DB, Table 3 ). Separately, the NCBI database and the 312 Custom DB produced similar results in terms of the number of assigned OTUs (48% and 49% of 313 542 OTUs, respectively), whereas using both simultaneously increased the success identification 314 by ~10% (60% of 542 OTUs). More than half of the OTUs assigned with NCBI were excluded from subsequent analyses to reduce the taxonomic uncertainty because they were assigned to taxa 316 that have not been recorded in the GOC. In addition, the use of both databases simultaneously 317 also outperformed the individual methods in terms of the taxonomic resolution at species and 318 genus levels (Table 3) . Thus, we used the NCBI + Custom DB taxonomic assignation results for 319 further analyses. When OTUs could not be assigned to species or genus level, we named the 320 OTU with a consecutive number, followed by the taxonomic level achieved according to our 321 criteria, e.g., OTU_01 (Acanthuridae). 322
After the taxonomic collapse, minimal abundance filtering and elimination of three OTUs 323 classified as non-teleost (e.g. Carcharhinus leucas, Gallus, Homo sapiens), 122 unique 324
Actinopterygii OTUs remained, of which 46.7% were taxonomically assigned above family level. 325
The remaining 53.3% OTUs represent 117 species, 44 genera, 26 families, 7 orders and one class 326 (Complete lists in S10 Supplementary material). 327 328
Mock community 329
Evaluation of the taxonomic identities in the mock community indicates that 20 out of the 22 330 species included (90.9%) were sequenced ( 
Community-level ecological analyses 340
Comparison of the taxonomic identities of the 194 species/OTUs identified in total using both 341 monitoring approaches indicate that 12.9% (n = 25) were shared, 50% were only detected by 342 eDNA (n = 97), and 37.1% were only registered with UVC (n = 72). The proportion of shared 343 taxa between methods increased when higher taxonomic rankings were considered: 39.2% for 344 genus (31/79), 52.6% for family (20/38), and 36.3% for order (4/11) (Figure 3) . 345
Though UVC targeted only the class Actinopterygii, eDNA also recorded the class 346
Chondrichthyes, Mammalia, and Aves, which were removed for the ecological analyses. 347
Furthermore, while all the taxa registered in the UVC were reef-associated, eDNA metabarcoding 348 detected additional taxa from surrounding pelagic, demersal and estuarine habitats. For example, 349 we observed 20 families detected with both methods, six families that were only identified with 350 eDNA and not UVC, including pelagic taxa (Istiophoridae, Scombridae, Clupeidae), demersal 351 (Paralichthydae, Nomeidae) and estuarine (Mugilidae). Conversely, we observed that UVC 352 detected 12 families that are reef-associated but that were not recovered by the eDNA methods 353 (Figure 4) . These results indicate that both techniques recorded distinct fish assemblages. For 354 detailed lists of taxa at different taxonomic levels detected see S11-S15 in Supplementary  355 
material. 356
The mean number of observed (S obs ) species/OTUs per site was significantly higher for 357 eDNA than for UVC (t = -3.26, df = 39 p = 0.002; eDNA: 43 ± 6, range 33 -54; UVC: 35 ± 9, 358 range 18 -50), and so was the variance (F = 2.45, df = 23, p = 0.03) (Figure 5 A) . Species 359 accumulation curves showed an incomplete saturation of species richness after 24 samples for 360 both methods. The total number of expected species (S exp ) estimated with Chao II for eDNA metabarcoding was also higher than for UVC (193 and 132, respectively) (Figure 5 B) . The 362 difference in the number of species detected between monitoring methods (S obs eDNA/S obs UVC) 363 decreases significantly with increased sampling effort (number of transects surveyed), 364
Spearman´s coefficient (R = -0.75, p=0.013). This indicates that the more transects surveyed, the 365 number of species/OTU detected with the UVC becomes similar to that identified with the 366 metabarcoding analysis of 1 liter of water (Figure 5 C) . Spearman´s rs correlation of S obs 367 between methods was positive but marginally non-significant (R = 0.38, p = 0.066). 368
Samples from Central and Northern biogeographic regions are discriminated by nMDS 369 ordination analysis for UVC but not for eDNA metabarcoding (Figure 6) . For UVC, a stress 370 value of 0.127, indicated the presence of defined groups, in contrast to eDNA metabarcoding 371 stress value 0.216 (Anosim R UVC = 0.529, p = 0.006; Anosim R eDNA = 0.111, p = 0.217). Mantel 372 test among UVC and eDNA community distance matrices showed a non-significant correlation 373 (R = -0.075, p = 0.72). On the other hand, mean S obs from UVC and eDNA metabarcoding 374 showed significant differences between North and Central regions (F UVC = 13.18, df = 1, p = 375 0.001; F eDNA = 11.28, df = 1, p = 0.002). 376
Spearman´s correlation coefficients between eDNA number of reads for the 23 species 377 shared by the two survey methods and their respective abundance and biomass estimated from 378 UVC were not significant, except for the abundance of Lutjanus argentiventris (R abundance = 379 0.525, p < 0.05) (S16 Supplementary material). 380 (eDNA metabarcoding) performed simultaneously. The results obtained here allow us to confirm 385 the use of eDNA as an informative tool for the study of marine biological diversity. Our main 386 findings indicate that UVC and eDNA have different detection capabilities when used as 387 monitoring methods in high biodiversity marine ecosystems, with relatively low overlap. 388
Moreover, our results show that some taxa were detected in UVC but not in the environmental 389 samples, and vice versa. The molecular approach was able to detect, in addition to reef-associated 390 species, others that are not persistent components of the reef ichthyofauna during their adult 391 stage. Here, we discuss some of these outcomes concerning the strengths and limitations of this 392 novel approach and provide recommendations for reconciling the results of eDNA metabarcoding 393 and traditional approaches in future studies. Consequently, about half of the 122 OTUs could not be classified taxonomically. Hence, we 466 emphasize that in order to fully exploit the potential in the detection power of eDNA 467 metabarcoding, a vast effort is needed to improve taxonomic coverage of reference databases. 468
The Custom DB also showed us that, while the fixed divergence threshold used for 469 taxonomic assignment seemed justified by some empirical data, the fish fauna from the GOC 470 showed much larger variation within species, genera, and families (S7 Supplementary material). 
Future directions for the application of eDNA metabarcoding in studies of marine biodiversity
eDNA metabarcoding holds a great potential for advancing the monitoring of marine biodiversity 542 as it is an informative tool compared with traditional visual methods. Nevertheless, before the 543 sources and fate of eDNA in the ocean are completely understood, comparative studies with 544 traditional biodiversity monitoring methods will be key in establishing their limitations and 545 potential applications for biodiversity monitoring. In this regard, a significant caveat in the use of 546 PCR-based methods, such as eDNA, is their limitation as quantitative proxies of organism 547 abundance, which restricts their use as presence/absence indicators. 548
The potential application of these techniques for the study of biodiversity is encouraging 549 and is growing at an accelerated pace. In the marine environment, they are particularly valuable Based on our study, we recognize increasing the number and quality of reference DNA 555 sequences of marine fauna in public databases as a top priority. This effort requires investment 556 and development of research groups including taxonomic experts and scientific collections that 557 are focused on the development and standardization of field and laboratory methodologies and 558 data analyses. Once these improvements are achieved, eDNA metabarcoding will allow for more 559 efficient and cost-effective biodiversity monitoring. Increased automation will also make possible 560 more frequent or continuous sampling to understand almost real-time changes in key species 561 related to anthropogenic activities, including species of commercial or conservation value. 562 588  589  Table 1 . Sampling sites and associated metadata. 590 591 
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38. Figure 5 . A) Boxplot of the mean observed number of species (S obs ) for each sampling method 643 for 24 sampling sites in the GOC. B) Observed species/OTUs rarefaction curves (incidence-644 based) for UVC (circles) and eDNA metabarcoding (triangles). The dashed line represents S exp 645 for the two methods. C) The ratio of species detection between monitoring methods (S obs eDNA/ 646
Sobs UVC) versus the number of transects surveyed, Spearman´s rs, and probability are shown. 647
Linear regression in red and confidence intervals in gray. 
